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to the healthy control group (2.16+0.37 pg/ml). In 
conclusions, the psychological diseases (schizophrenia, 
Alzheimer’s) associated with stress increased the 
number of intestinal bacteria in feces samples of patients 
in comparison with healthy control group, also increased 
the levels of the cytokines IL-6 and TNF- a in patients 
compared with healthy control group. 
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Introduction 


The concept of stress is known as the body’s general reaction to changes that occur in the environment 
[1], and many studies have indicated that psychological stress has many effects on immune functions 
[2-3]. Stress reactions lead to a response from the neuroendocrine system, which includes the 
hypothalamic-pituitary-adrenal axis. This leads to stimulation of the sympathetic nervous system to 
secrete glucocorticoids and mineralocorticoids (catecholamine). This response is followed by an 
increase in oxidative stress [4]. Many studies have confirmed that psychological stress is linked to 
changes in physiological functioning, including immune changes. High levels of psychological stress 
have been associated with decreased control of latent herpes virus infections, humoral immune 
responses to immunization, and greater susceptibility to immunization. Infectious diseases and poor 
wound healing [5-6]. The link between stress and immune functions has received great attention from 
researchers in the past decades [7-8], as dysregulation of neuroendocrine and immune system 
functions resulting from chronic stress has been linked to psychological and physiological disorders. 
psychological and _ physiological disorders, including depression, atherosclerosis, asthma, 
cardiovascular disease, cancers, and the development of AIDS [9-10]. Some studies have reported 
higher levels of Actinobacteria and Eggerthella in depression, and Enterobacterales and 
Enterobacteriaceae in anxiety, including Klebsiella, Escherichia coli, Salmonella, Serratia, and Proteus 
[11]. In another study, a higher abundance of Eggerthella, bacteria belonging to the Enterobacteriaceae 
family, and a lower abundance of Faecalibacterium and Coprococcus were commonly observed in 
adults with anxiety, depression, bipolar disorder, psychosis, and schizophrenia [12]. In recent decades, 
many life pressures on members of society have increased, leading to the emergence of many 
psychological diseases related to psychological stress. Therefore, this study aims to find the 
relationship between individuals who suffer from psychological stress and infection with some 
bacterial infections, as well as studying some immune parameters affected by stress. Through the 
following: 


>» Isolating and diagnosing some types of bacteria from individuals suffering from some mental 
illnesses. 


>» Studying the concentrations of some cytokines in the sera of patients in different age groups. 
Materials and Methods 
Specimens Collection 


Blood and clinical discharge samples were collected for patients with schizophrenia and Alzheimer's 
from Al-Rashad Hospital and Ibn Al-Rushd Hospital in the city of Baghdad for the period from 
August 2022 to March 2023, and information was taken through their questionnaire form. 
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Bacterial Identification 
Bacteremia was diagnosed based on the following aspects: 
Microscopic examination 


Bacterial colonies were identified based on the morphological characteristics of the germ cells under 
the microscope and through the nature of their interaction with a cloud stain, which shows the type of 
interaction and the shape and arrangement of the germ cells. 


Biochemical Tests 

The following biochemical tests were performed. 
Oxidase Test 

Catalase Test 

Indol Test 

Urease Test 

Methy] red Test 

Voges — Proskauer (VP) Test 

Citrate Utilization Test 


Motility Test 


VV VV VV VV WV 


Mannitol Fermentation Test 
Determination the level of Interleukin-6 


Human IL-6 was quantified by enzyme-linked immunosorbent assay (ELISA) in serum using the IBL 
International GmbH Kit Flughafenstr. 52A, D-22335 Hamburg, Germany (Mindray 96-A microplate 
reader, Shenzhen 2007-2010). 


Determination the level of srrum TNF-a 


An enzyme-linked immunosorbent assay kit has been used to estimate TNF-alpha concentrations in 
serum and plasma. 


Statistical analysis 


The results of the current study were analyzed statistically using the statistical analysis program called 
Minitab, as well as using the Excel program, and the results were presented in the form of arithmetic 
mean + standard error. The results of the study were analyzed statistically according to the ANOVA 
test for the purpose of detecting significant differences by comparing the arithmetic means of the 
experimental groups. different using Duncan's multiple test [13]. 


Results and discussion 
Samples distribution 


The current study included collecting 180 samples, including 30 (16.7%) control group, 97 (53.9%) 
schizophrenia group, and 53 (29.4%) Alzheimer’s group (Table 1). The results found that 102 (56.7%) 
of the total samples showed positive results for bacterial growth on optimal media, including blood 
agar and MacConkey agar. On the other hand, 78 (43.3%) of the total samples showed a negative 
result for bacterial growth. 
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Table (1): Distribution of study samples according to bacterial growth 


Disease type | Positive growth | Negative growth Total 
Control 9(730.0) 21(470.0) 30(16.7%) 
Schizophrenia 62(61.5/) 35(38.57) 97(53.9%) 
Alzheimer’s 31(60.37) 22(39.77) 53(29.4%) 
Total 102(56.77) 78(43.37) 180(100%) 


Identification 


The shape, diameter and shapes of bacterial colonies were determined on blood agar, MacConkey 
agar. As well as microscopic and biochemical examinations, which included qualitative tests for each 
species. Table (2) also shows the numbers and percentages of bacterial samples that were isolated from 
patients with schizophrenia and Alzheimer's in the form of single isolates as well as double isolates. 
The table shows that 72.5% of the bacterial isolates were single for only one type of bacteria, while 
27.5% of the total 102 isolates were Mixed isolates, where more than one type of bacteria was isolated 
in one sample. While Table (3) shows the numbers and percentages of each type of Gram-negative 
bacteria that were isolated. 


Table (2): Numbers and percentages of bacterial samples among study patients 


Isolate types | Number | Percentage 
Single 74 72.5% 
Mixed 28 27.5% 
Total 102 100 
Table 3: Numbers and percentages of Gram-negative bacteria samples 
Bactria types Number | Percentage 
Klebsiella spp. 42 41.2% 
Escherichia coli 21 20.6% 
Pseudomonas aeruginosa 14 13.7% 
Salmonella spp. 10 9.8% 
Proteus mirabilis 7 6.9% 
Serratia spp. 4 3.9% 
Enterobacter cloacae 4 3.9% 
Total 102 100 


The different types of bacteria in schizophrenia patients are also shown in Table (4), as the results 
showed that Klebsiella spp. It was the most isolated among the different types of bacteria, reaching 30 
(48.4%), while the number of Escherichia coli isolates reached 12 (19.3%), while Pseudomonas 
aeruginosa and Salmonella spp. The number of isolates was 6 (9.7%) and 6 (9.7%), respectively. On 
the other hand, the number of isolates of Proteus mirabilis, Serratia spp. and Enterobacter cloacae are 
4(6.5%), 2(3.2%), and 2(3.2%), respectively. 


Table (4): Numbers and percentages of bacterial samples in schizophrenia patients 


Bactria types Number | Percentage 
Klebsiella spp. 30 48.4% 
Escherichia coli 12 19.3% 
Pseudomonas aeruginosa 6 9.7% 
Salmonella spp. 6 9.7% 
Proteus mirabilis 4 6.5% 
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Serratia spp. 2 3.2% 
Enterobacter cloacae 2 3.2% 
Total 62 100 


On the other hand, Table (5) shows the different types of bacteria in Alzheimer’s patients, where the 
results showed that Klebsiella spp was the most isolated among the different types of bacteria, 
reaching 11 (35.5%), while the number of Escherichia coli bacteria isolated reached 7 (22.6%), while 
Pseudomonas aeruginosa and Salmonella spp. The number of isolates was 5 (16.1%) and 3 (9.7%), 
respectively. On the other hand, the number of isolates of Proteus mirabilis, Serratia spp. and 
Enterobacter cloacae are 2(6.4%), 1(3.3%), and 2(6.4%), respectively. 


Table (5): Number and percentage of bacteria samples in Alzheimer’s patients 


Bactria types Number | Percentage 
Klebsiella spp. 11 35.5% 
Escherichia coli i 22.6% 
Pseudomonas aeruginosa S 16.1% 
Salmonella spp. a 9.7% 

Z 
1 


Proteus mirabilis 6.4% 


Serratia spp. 3.3% 
Enterobacter cloacae 2 6.4% 
Total 31 100 


In the past few years, scientists have begun to unravel the evolution and symbiosis of humans and 
microbes. Microbes include viral, bacterial, fungal and archaeal organisms. The microbiome is the 
entire microbial genomic code. The microbial proteome, specifically, is microbial genes that are 
actually expressed and translated into proteins [14]. In recent years, variation in gut bacteria between 
schizophrenia patients has been compared with healthy controls. In contrast to the healthy intestine, 
facultative anaerobes such as Cronobacter spp. and Enterococcus spp. It was found in the intestines of 
ninety drug-free schizophrenia patients [15]. In another study, the results show an increase in some 
pathogenic bacteria in schizophrenia patients. In particular, there was an increase in the numbers of 
Clostridium and Klebsiella bacteria [16]. Another study based on metagenomic analysis of the normal 
gut microbiome indicated an increased level of Klebsiella in the early stages of disease diagnosis 
compared to healthy people [17], and these studies confirm and agree with the results of the current 
study in terms of an increase in Klebsiella bacteria in patients with schizophrenia and Alzheimer’s 
disease. 


Immunological examinations 


The results of the current study showed significant changes (P<0.05) in the levels of interleukin-6 in 
both schizophrenia and Alzheimer's patients compared to the control group. Interleukin-6 levels 
showed a significant increase in both schizophrenia (2.73+ 0.68) and Alzheimer's (3.06+ 0.83) patients 
compared to the control group (0.94+0.16), as in Table (6). In addition, tumor necrosis factor alpha 
(TNFa) levels showed a significant increase in both schizophrenia (5.18+ 1.25) and Alzheimer's 
(4.91+ 0.77) patients compared to the control group (0.37+2.16). 


Table (6): Interleukin-6 and TNFa levels in the study groups 


Disease type | IL-6 (pg/ml) | TNFa (pg/ml) 
Control 0.9440.16b | 2.164 0.37 b 
Schizophrenia | 2.734 0.68 a | 5.184 1.25a 
Alzheimer’s | 3.06+0.83a | 4.91+0.77a 
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The results of the current study also showed increased levels of IL-6 and TNF-alpha in samples of 
schizophrenia patients. The elevation of these cytokines is consistent with the pro-inflammatory state 
well described in schizophrenia and reported by some studies [18-19]. Increased IL-6 and TNF-alpha 
are both proinflammatory mediators produced predominantly by macrophages. The results of the 
current study agreed with a group of previous studies that indicated increased levels of IL-6 associated 
with schizophrenia [18-20]. In a study conducted by Naudin et al., [21], higher levels of TNF-a were 
found in patients with schizophrenia with no relationship between global, negative, and positive 
subscale scores. However, in that study, a small proportion of patients with high levels of TNF-a also 
had elevated levels of IL-6, suggesting a systemic cause for the elevation of these pro-inflammatory 
cytokines, which in turn may lead to a discrepancy in the assessment. Psychopathology and TNF-a. In 
a study using ELISA, the concentration of interleukin-6 was measured in the blood serum of 128 
schizophrenia patients (24 of whom had never been treated) and in 110 healthy subjects. The mean 
concentration of IL-6 in the blood was significantly higher in schizophrenia patients compared with 
healthy subjects (P = 0.009). Comparisons within patient groups revealed that serum IL-6 was 
significantly associated with disease duration (p=0.0004). After variation in disease duration, there 
was no relationship between IL-6 levels and autoantibody production, clinical status, or medication 
status. Thus, elevated serum levels of IL-6 in schizophrenia develop during the course of the illness 
and may be related to treatment or disease progression [22], and this agrees with the results of the 
present study in terms of higher IL-6 concentrations in patients with schizophrenia compared to 
control group. The results of the current study also agreed with the study of Frommberger et al., [23], 
which reported an increase in the concentration of Interleukin-6 (IL-6) in patients with depression and 
schizophrenia, and in healthy people when stressed. Plasma levels of interleukin 6 were determined in 
depressed patients (n = 12) and schizophrenia patients (n = 32) during the acute disease state and after 
remission at approximately 8 weeks after admission and were compared with healthy controls (n = 
12). Patients were diagnosed according to DSM-III-R by the Structured Clinical Interview (SLID). 
Illness severity was assessed for depression by the Montgomery Asberg Depression Rating Scale 
(MADRS) and for schizophrenia by the Brief Psychiatric Rating Scale (BPRS). An increase in 
interleukin 6 levels was found in plasma during the acute state of either depression or schizophrenia 
when compared to the control group. 


Conclusions 


The psychological diseases (schizophrenia, Alzheimer’s) associated with stress increased the number 
of intestinal bacteria in feces samples of patients in comparison with healthy control group, also 
increased the levels of the cytokines IL-6 and TNF- @ in patients compared with healthy control group. 


References 
1. Selye, H. (1956). The stress of life. New York, McGraw-Hill. 


2. Dogra V. (2020). Perceived stress among adolescents. International Journal of Indian Psychology, 
8(4), 1095-1099. 


3. Jaideep S B and Keith A S. (2022). Stress and immunity — the circuit makes the difference. 
Nature Immunology. 23, 1137-1139. 


4. Zhang X, Bo L, Yuan Y, Li Z, Lu H, Sen J, Bilin K, Xuebin L, Wenzhi S, Fuqiang X, Yi Z, Ji H, 
and Hai Q. (2020). Brain control of humoral immune responses amenable to behavioural 
modulation. Nature. 581(7807):204-208. 


5. Glaser R, and Kiecolt-Glaser JK. (2005). Stress-induced immune dysfunction: implications for 
health. Nat Rev Immunol 5(3):243—251 


1165 | Published by “ CENTRAL ASIAN STUDIES" http://www.centralasianstudies.org 


Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons 
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 


CAJMNS Volume: 04 Issue: 06 | Nov-Dec 2023 


6. Cohen S, Murphy ML, Prather AA (2019). Ten Surprising Facts About Stressful Life Events and 
Disease Risk. Annual Review of Psychology. 70, 577-597. 


7. Irwin MR. (2008). Human psychoneuroimmunology: 20 years of discovery. Brain Behav Immun 
22(2):129-139 


8. Shahab L, McGowan JA, Waller J, and Smith SG (2018). "Prevalence of beliefs about actual and 
mythical causes of cancer and their association with socio-demographic and health-related 
characteristics: Findings from a cross-sectional survey in England". European Journal of Cancer. 
103, 308-316 


9. Cohen S, Janicki-Deverts D, and Miller GE. (2007). Psychological stress and disease. JAMA 
298(14):1685—1687 


10. Zoccola PM, Figueroa WS, Rabideau EM, Woody A, and Benencia F. (2014). Differential effects 
of poststressor rumination and distraction on cortisol and C-reactive protein. Health Psychol 33, 
1606-1609 


11. Simpson CA, Diaz-Arteche C, Eliby D, Schwartz OS, Simmons JG, and Cowan C S M. (2021). 
The gut microbiota in anxiety and depression — a systematic review Clin Psychol Rev. 83: 
101943. 


12. Nikolova VL, Hall M R B, Hall LJ, Cleare AJ, Stone JM, and Young AH. (2021). Perturbations in 
gut microbiota composition in psychiatric disorders JAMA Psychiatry, 78: 1343. 


13. Beth, D., Robert G. and Trapp. (2004). Basic and clinical biostatistics, 4 ed. Lange Medical 
Books/ Mc Graw-Hill Medical Publishing Division. New York. PP: 83-154. 


14. Reid G, Howard J, Gan BS.. Can bacterial interference prevent infection? Trends Microbiol 9: 
424-428. 


15. Zhu F, Guo R, Wang W, Ju Y, Wang Q, Ma Q, Sun Q, Fan Y, Xie Y, Yang Z, Jie Z, Zhao B, Xiao 
L, Yang L, Zhang T, Liu B, Guo L, He X, and Chen Y. (2020). Transplantation of microbiota 
from drug-free patients with schizophrenia causes schizophrenia-like abnormal behaviors and 
dysregulated kynurenine metabolism in mice Mol. Psychiatry. 25, 2905-2918 


16. Shen L., and Ji H.F. (2019). Associations Between Gut Microbiota and Alzheimer’s Disease: 
Current Evidences and Future Therapeutic and Diagnostic Perspectives. J. Alzheimers Dis. 68:25— 
31. 


17. Schwarz, E., Maukonen, J., Hyytiainen, T., Kieseppa, T., Oresic, M., Sabunciyan, S., Mantere, O., 
Saarela, M., Yolken, R., and Suvisaari, J. (2017). Analysis of microbiota in first episode psychosis 
identifies preliminary associations with symptom severity and treatment response. Schizophr. Res 
(in press). 


18. Miller B. J., Buckley P., Seabolt W., Mellor A., and Kirkpatrick B. (2011). Meta-analysis of 
cytokine alterations in schizophrenia: clinical status and antipsychotic effects. Biol. Psychiatry 70, 
663-671. 


19. Potvin S., Stip E., Sepehry A. A., Gendron A., Bah R., and Kouassi E. (2008). Inflammatory 
cytokine alterations in schizophrenia: a systematic quantitative review. Biol. Psychiatry 63, 801-— 
808. 


20. Vincent A. and Bien C. G. (2008). Anti-NMDA-receptor encephalitis: a cause of psychiatric, 
seizure, and movement disorders in young adults. Lancet Neurol. 7, 1074-1075. 


1166 | Published by “ CENTRAL ASIAN STUDIES" http://www.centralasianstudies.org 


Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons 
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 


CAJMNS Volume: 04 Issue: 06 | Nov-Dec 2023 


21. Naudin J, Mege JL, Azorin JM, and Dassa D. (1996). Elevated circulating levels of IL-6 in 
schizophrenia. Schizophr Res. 20:269—73. 


22. Ganguli M. (2000). Ten-year incidence of dementia in a rural elderly US community population: 
the MoVIES Project. Neurology 38: 1-9 


23. Frommberger U H, Joachim B, Peter H, Andrea F, Dieter R, Mathias B (1997). Interleukin-6-(IL- 
6) plasma levels in depression and schizophrenia: comparison between the acute state and after 
remission. European Archives of Psychiatry and Clinical Neuroscience. 247, 228-233. 


1167 | Published by “ CENTRAL ASIAN STUDIES" http://www.centralasianstudies.org 


Copyright (c) 2023 Author (s). This is an open-access article distributed under the terms of Creative Commons 
Attribution License (CC BY).To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 


